Background: Sexually transmitted infections (STIs) are an increasingly critical and costly health problem for American childbearing women. Pregnant women who misuse substances are more likely to engage in risky sexual behavior that leads to STIs. Substance use and risky sex during pregnancy are both associated with numerous negative consequences for the woman and the developing fetus. Study Design: A two-group, randomized controlled trial. Participants: Recruitment of 50 pregnant women (30% Latina; 24.4 years old [SD = 5.31]) with an average of 13 weeks gestation (SD = 4.5 weeks) was conducted at a prenatal clinic in a large inner-city hospital. Recruitment took place between 2015 and 2016, and data analysis took place in 2016. Intervention: A computer-delivered, single-session brief motivational intervention plus booster session addressing both substance use and STI risk. Objective: To assess participants' perceptions of the intervention and to examine the preliminary efficacy in reduction of substance use and risky sex at 4-month follow-up assessment. Results: There were consistently very high ratings of acceptability of the intervention, ranging between 6.3 and 6.8 on a 1-7 scale. At the 4-month follow-up, participants in the intervention arm reported a significantly larger reduction (54%) in any marijuana or alcohol use compared with participants in the control group (16%) ( p = 0.015) based on two-group clustered logistic regression using a generalized estimating equations approach. There was a higher reduction in condomless vaginal sex at follow-up in the health checkup for expectant moms (HCEM) arm than control (27% vs. 5%), although this was not significant ( p = 0.127).
Introduction

S
exually transmitted infections (STIs) are on the rise in the United States, 1 and STI risk is an increasingly critical and costly health problem for American women, especially for pregnant women who can pass these infections onto their babies. STIs among women are associated with significant morbidity and mortality, including premature death. The American Congress of Obstetricians and Gynecologists (ACOG) reported that over the past decade, childbearing women have comprised one of the most rapidly expanding groups infected by STIs, including HIV, in the United States. 2 Among pregnant women who had been treated for an STI in the past 6 months, 30% tested positive for a current STI. Racial minority populations are at disproportionate risk of STIs-African American young women face nearly 5 times higher rates of chlamydia and 11 times higher rates of gonorrhea than among white females. 5 Critical to this trend is the intersection of STIs and alcohol/drug useboth highly prevalent problems in women's lives.
Increasing abstinence from alcohol and illicit drug use among pregnant women is an objective of the Healthy People 2020. 4 Recent national epidemiologic surveys have found that past year prevalence of illicit drug use was 5.4% 5 for pregnant women. Regarding alcohol use, 19% of women in their first trimester of pregnancy report using alcohol and 3% report binge drinking (four or more drinks in a row). 5 Since underreporting of alcohol use during pregnancy can be substantial, drinking during pregnancy is likely even higher. 6, 7 The co-occurrence of alcohol and substance use as well as sexual risk taking contribute significantly to STI acquisition, particularly in high-risk and vulnerable populations. 8 Pregnant women who use alcohol or substances are more likely to engage in sexual risk behaviors than their nonpregnant counterparts. 9 Illicit drug use is associated with major health consequences for pregnant women that can affect fetal development, rates of STI, depression, and partner violence, as well as contributing to significant prenatal and neonatal complications. 10 Marijuana use during pregnancy is on the rise, 11 and recent reviews suggest that infants whose mothers used marijuana during pregnancy, compared with those who did not, were more likely to have lower birth weight and require neonatal intensive care. 12 It is well documented that prenatal alcohol exposure can lead to a wide range of adverse effects, known as fetal alcohol spectrum disorders, with an estimated 12,000 infants born with fetal alcohol syndrome (FAS) each year.
The Centers for Disease Control and Prevention (CDC) and the ACOG have identified the prenatal period as an ideal opportunity for STI prevention and subsequent behavior change to reduce risk for acquiring infection and have recommended that information regarding STIs and behavior risk assessment should be provided to all pregnant women as part of routine healthcare. 13 Despite the clear risks of STIs among pregnant adult women, very few STI-focused interventions have specifically targeted this group of women, and a review by the U.S. Preventive Services Task Force concluded that ''methodologically rigorous trial evidence'' is lacking for pregnant women.
14 Only two RCTs have focused on pregnant women and included an STI/HIV prevention program, one of which was bundled into group prenatal care across two prenatal clinics in the United States and led to significantly increased condom use and decreased unprotected sex. 15 The other study, specific to pregnant women at a methadone maintenance program, involved a motivational interviewing (MI)-based HIV risk behavior intervention and resulted in significantly less drug-related HIV risk behavior; however, the intervention did not include behavioral exercises to build skills to reduce condomless sex. 16 Both of these interventions involved multiple sessions, with the latter including six sessions. A limitation of STI/HIV interventions with multiple sessions can be poor attendance (e.g., low follow-up and treatment completion rates for female participants with substance use). 17 The use of technology to target stigmatized behaviors, including STI risk behaviors and substance use, is an empirically supported method of encouraging the disclosure of sexual risk-taking. 18 Very few studies have assessed computer-based STI/HIV prevention interventions exclusively in pregnant women. 19 The current study describes a pilot randomized controlled trial of an innovative computer-delivered intervention (the ''HCEM'') that targets women at risk for STI/HIV and alcohol/drug use during pregnancy. The HCEM was designed and implemented using the Computerized Intervention Authoring System (CIAS 20, 21 ), an intervention development platform, which has been previously used in a number of studies, including those targeting risk behaviors during the prenatal and postpartum periods. The HCEM is a tailored, motivationallyfocused STI/HIV and substance use risk reduction intervention that is consistent with key concepts from MI 22 and provides training in several relevant skills, including male and female condom application, informed by the Information-MotivationBehavior (IMB) model, which theorizes that information and motivation activate one's behavioral skills, which in turn lead to risk reduction. 23 We previously reported on the iterative development and highly rated quantitative and qualitative feedback of users' experience of the HCEM in an open trial testing (G. Tzilos Wernette et al., under review).
The primary aims of the current study were to test the (1) feasibility of the HCEM, (2) acceptability via participant report of ease of use, helpfulness, and overall satisfaction, and (3) preliminary evidence for the hypothesized effects on outcomes: the proposed intervention, relative to a time-andattention-matched control group, will produce reductions in self-reported condomless sex during the follow-up assessment at 4 months. Furthermore, we hypothesize that the intervention condition, relative to control, will produce reductions in self-reported alcohol/drug use (frequency, quantity, and heavy drinking/use frequency).
Methods
Participant inclusion criteria
We randomized 50 women who met study inclusion criteria. Inclusion criteria included pregnant women who endorsed (1) condomless vaginal (or anal) sex at least once in the past 30 days; (2) an unplanned pregnancy; and (3) current alcohol or drug use or are at-risk for prenatal alcohol/drug use, which was determined by a positive score on either the T-ACE, a screening tool for at-risk drinking developed for use in ob/gyn settings, 24 or the Substance Use Risk ProfilePregnancy scale (SURP-P), which has been used successfully to identify pregnant women at risk for substance use. 25 Other inclusion criteria included an ability to understand study procedures in English and less than 5 months gestation, to increase likelihood of completing 4-month follow-up assessment during pregnancy. This study was approved by the Institutional Review Boards of Butler Hospital and Women and Infants Hospital in Providence, Rhode Island.
Participant characteristics and recruitment feasibility
Recruitment took place between December 2015 and April 2016. We approached 1,460 women and screened a total of 401 women over the course of 9 months during the randomized trial phase of the study (Fig. 1) . Fifty eligible women (37%) were consented and enrolled, and the computer software randomized 31 (62%) into the HCEM intervention condition and 19 (38%) into the control condition. Of were 50 pregnant women with an average of 13 weeks gestation. All 50 women (100%) completed a baseline assessment and intervention session. Of the 31 women randomized to the intervention condition, 30 (97%) completed a booster session. Of the 19 women randomized to the control condition, 19 (100%) completed a booster session. Forty-nine women (98%) completed the follow-up assessment 4 months later. One woman (2%) withdrew from the study after enrollment due to miscarriage. The majority of participants (48%) reported being single, 38% were living with a partner but not married, and 14% were married. Nearly half (44%) of the participants reported being unemployed, and 38% of the sample did not graduate high school. Characteristics between control and intervention group were not found to be significantly different (Table 1) .
Procedure
Participant recruitment and study procedures were conducted at a prenatal clinic in a large inner-city hospital that serves predominately low-income pregnant women. Research staff approached potential participants who were at the clinic for their prenatal visit and introduced the computer screener for the pilot study, which was described as a survey to help moms have healthier pregnancies. Women who
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expressed interest were screened for eligibility (*5 minutes) using a program delivered on a tablet PC, given an information sheet (used to protect anonymity of those who did not qualify or chose not to participate in the full study), and received a $5 gift card. The computer program randomized participants to either the HCEM intervention condition or control condition. The control condition was found to be acceptable in our previous trials 21, 26 (S. Hill et al., under review) and included responding to questions related to television shows and providing subjective ratings.
The initial session included the computer-delivered assessment and either HCEM intervention or control condition (60 minutes). Within 1 month of the initial session, participants were asked to return to the study site, where they completed a 15-minute computer-delivered booster session or a control session. Whenever possible, the booster session was coordinated with a prenatal appointment and took place within 1 month following baseline. Participants returned for a computer-based 4-month follow-up assessment.
Measures
Acceptability of the computer software and the intervention was assessed after completing the baseline intervention session by the following computer-delivered measures: the satisfaction with CIAS software scale 21 reported participant satisfaction with themes of likeability, ease of use, level of interest, and respectfulness using a 1-5 Likert scale (1 = low and 5 = high). Acceptability of HCEM intervention content (e.g., videos on condom use, personal testimonials) used a 1-7 Likert scale (1 = not helpful and 7 = very helpful). An inperson evaluation interview was conducted at the 1-month booster session.
Interview questions were open-ended and designed specifically for this study, addressing various aspects, including comfort, ease of use, and likeability of the computer software, intervention content, and overall research procedures.
The timeline follow-back (TLFB), a well-validated and reliable method, 27, 28 was used to collect self-reported daily behaviors, using a calendar and multiple prompts to assist with the recall of alcohol use, drug use, and sexual behavior (e.g., condom use). The research assistant (RA) administered the TLFB during the baseline assessment to collect daily information over the past month, and the 4-month follow-up assessment included behaviors since the baseline assessment.
Biological testing
We collected hair sample testing (Psychemedics, Inc.) at baseline and at follow-up assessment to corroborate self-
report of illicit drug use. The hair samples were obtained by a trained RA, collected from cosmetically undetectable areas on the scalp and sent off-site for analysis. We used the OSOM Trichomonas Rapid Test to test for an incident of vaginal trichomoniasis at baseline and at follow-up assessment. This self-administered vaginal swab specimen accurately diagnoses vaginal trichomoniasis and is a method that is feasible and acceptable to participants. 29 Women who tested positive at any time during the study were linked to comprehensive STI care at the Women's Primary Care Center. We chose trichomoniasis, because it is the most common curable STI in young sexually active women in the United States.
1 Participants could receive up to $70 for study completion.
Treatment conditions
Health checkup for expectant moms. Participants randomized to HCEM interacted with the computer and were guided by an animated narrator, which engages in a MIconsistent style, has the ability to use emotionally expressive statements and empathic reflection, and has been found in previous research to be well liked and understood by lowincome, pregnant, and postpartum women. 21 HCEM was self-administered with the assistance of the RA and included a behavioral skills component, in which the RA facilitated the setup of models for male and female condom use application. This portion of HCEM included video instruction that was guided by the computer. HCEM presented information and education regarding health risks and included testimonial videos of women who were HIV positive and pictures of STIs. All participants had the option to create a personalized safety plan that was tailored and designed to increase awareness of the interconnected risk factors for STI/HIV and alcohol/drug use in the woman's life. At the booster session, the narrator reviewed the components of the intervention session (e.g., goal-setting), and participants reviewed their personalized plan and identified any barriers to increasing safety behaviors.
Control condition
Participants randomized to the control group also interacted with the computer and were guided by the same narrator. The content of the control condition at both the baseline and booster session included watching brief segments of popular television shows with subsequent questions for ratings of their subjective preference. This control condition controlled for time effects and has been used successfully in previous behavioral trials 21, 26 (S. Hill et al., under review). Participants in both conditions received brochures specifically designed to facilitate health risk behaviors during pregnancy.
Statistical analysis
Key study variables were summarized through descriptive statistics. Demographic characteristics were compared p-values for differences between conditions were calculated using chi-square analyses for dichotomous data, and independent t-tests for continuous data.
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between control and intervention groups by means of twosample t-test (continuous) and chi-square tests. The primary risk behaviors of interest were condomless sex, alcohol, and drug use, as assessed by the TLFB. Although the TLFB assessed the use of several drugs (marijuana, cocaine, opiates, prescription, and ''other'' drugs), we report and focus here only on marijuana use as it was the only illicit drug reported among participants with the exception of two individuals who endorsed both cocaine and marijuana use at baseline assessment. There was no self-reported use of drugs other than marijuana at follow-up. Endorsement of any marijuana or alcohol use and condomless sex was compared between study arms at both baseline and follow-up using Fisher's exact test.
For each individual, a binary indicator of any substance use, representing the use of marijuana or alcohol at any time over the 90-day TLFB period at both pre and post, was created. The proportion of reduction in any substance use between the control and intervention groups was compared using a clustered logistic regression with time (pre vs. post), group and time-by-group interaction as the primary factors. The clustering within subject was accounted for using a generalized estimating equations (GEE) approach. Models were further adjusted for age and marital status. Because all but one participant engaged in condomless vaginal sex at baseline, a cross-sectional logistic regression was run with this outcome only at follow-up with factors and controlling covariates identical to the other models.
Results of trichomoniasis tests at baseline and 4-month follow-up assessments and hair sample drug screening at follow-up are descriptively presented. Formal statistical tests were not performed due to limited amount of data.
Results
Acceptability of HCEM
The overall acceptability of HCEM was supported by quantitative feedback. Participant self-reported ratings of both the software as well as aspects of the HCEM intervention were consistently high. With regard to the overall utility, 100% of the women reported that the intervention was useful in helping them to have a healthy pregnancy. Mean ratings of individual questions tapping satisfaction with the computer software ranged from a low of 4.6 (out of 5), ''How interesting was it,'' to a high of 5.0, ''Was it respectful of you?'' Mean ratings of the specific components of HCEM content ranged from a low of 6.3 (out of 7), ''How helpful do you think the narrator was?'' to a high of 6.8, ''How helpful do you think the videos of women talking about HIV were?'' and ''How helpful do you think the information on how women can have safer sex was?'' Preliminary efficacy of HCEM Timeline follow-back. At the baseline assessment, 70% of participants endorsed substance use (alcohol or marijuana) (58% control vs. 77% intervention, Fisher's p-value = 0.20), decreasing to 31% at 4-month follow-up assessment (42% control vs. 23% intervention, Fisher's p-value = 0.21). All but one intervention participant engaged in condomless vaginal sex at baseline (98%) compared with 82% at 4-month assessment (95% control vs. 73% intervention, Fisher's pvalue = 0.13) (Fig. 2) .
Results of the GEE analyses revealed that those in HCEM, compared with those in control, had a significantly larger reduction in the odds of any self-reported marijuana or alcohol use from baseline to follow-up (time-by-group interaction p = 0.015). Specifically, odds of alcohol or marijuana use at baseline were 11.7 times higher at baseline compared with follow-up in those assigned to HCEM (adjusted odds ratio, AOR [95% confidence interval, CI] = 11.7 [4.2, 33 .0], p < 0.001; Table 2 ). For participants in the control arm, odds of alcohol or marijuana use were 1.9 times higher at followup than at baseline, but that change was not statistically significant (AOR [95% CI] = 1.90 [0.63, 5.74], p = 0.255).
Logistic regression analyses indicated that there was not a statistically significant difference between groups in the odds of condomless sex engagement at follow-up (AOR [95% CI] = 5.5 [0.6, 51.2], p = 0.13; Table 2 ). However, examination of the raw change in engagement from baseline to follow-up shows a substantially higher reduction in the intervention arm than in the control (27% vs. 5%) (Fig. 2) .
Biological testing
Trichomoniasis test results were available for 47 individuals at baseline (17 control and 30 intervention) and 37 at follow-up (14 control and 23 intervention). Two intervention participants had positive test results at baseline, one of which became negative at follow-up and the other refused follow-up testing. At follow-up, there were three positive results (two intervention and one control), all of whom had negative results at baseline. The participants who had positive test results at both baseline and follow-up also reported having condomless sex at the corresponding time points and were included in the analysis. Hair samples were collected for 35 participants (14 control and 21 intervention) at the follow-up assessment. However, eight were deemed insufficient samples for detecting Cocaine, Opiates, PCP, and Amphetamines and 12 insufficient for marijuana. Of the valid 27 samples, 5 were positive for cocaine (all were in the intervention condition), 1 of whom was also positive for opiates. An additional three were positive for marijuana (one control and two intervention). The two intervention participants who tested positive for marijuana also endorsed marijuana use on the TLFB at follow-up, and one of the two also tested positive for cocaine. Of the 23 valid hair samples for marijuana use, the findings for 20 (87%) conformed to the self-report TLFB data. Of the nonconcordant, one positive hair sample did not self-report and two individuals self-reported who had negative hair samples. Hair test data were used to corroborate selfreport and were not an outcome measure.
Discussion
The current findings demonstrate the feasibility, acceptability, and the preliminary efficacy of the HCEMs in a sample of high risk, low-income pregnant women. With regard to study procedures, 96% of women who were approached for the study were interested in completing the screener, yielding a very low refusal rate. Follow-up rates were high with 49 out of 50 participants completing the 4-month follow-up assessment. The findings of this pilot trial were encouraging and consistent in the overall high ratings of acceptability of the software and HCEM across several domains, including content, appearance, and utility. The high ratings mirror similar results, using this 6 TZILOS WERNETTE ET AL.
software in other studies with low-income, at-risk women 20 (S. Hill et al., under review). Moreover, high acceptability ratings of the intervention content, including the video demonstration of female condom use and the testimonial videos of women who were HIV positive are particularly encouraging and support a larger trial to test the efficacy of HCEM in reducing alcohol/drug use and HIV risk in a more diverse study sample, both with respect to demographic diversity and regarding diversity of substance use.
The findings support the preliminary efficacy of HCEM to reduce the risky behaviors of alcohol/marijuana use during pregnancy. There is evidence that computer-based brief interventions can reduce substance use in adults. 30, 31 The majority of existing interventions have had a single focus either on reducing alcohol/drug use or improving sexual health, and very few of these have targeted pregnant women exclusively. 20, [32] [33] [34] A single session brief intervention targeting sexual risk reduction in a sample of men and women patients at a STI clinic found that the intervention indirectly affected sexual risk behavior through alcohol-related factors, suggesting the importance of targeting risk-related alcohol use. 35 Recently, the NIH issued a strong recommendation 36 for physicians to advise pregnant women to avoid marijuana use, with growing concerns of its use by women to treat nausea during pregnancy.
With regard to reduction in condomless sex, the direction and magnitude of the effect was very promising and would be of clinical significance, however, it was not significant with this very small sample size. It may be that the lack of significance regarding unprotected sex reduction may indicate that additional contact may be needed for our high-risk group of pregnant women. The literature supports brief (10-15 minute), multicontact interventions for high-risk groups. 37 The advantage of fewer sessions, if efficacious, increases the potential feasibility of implementation in a wide variety of settings-and the overall impact is greater when accessible and disseminable to larger populations.
HCEM is innovative in targeting STI/HIV risk behaviors, including substance use during pregnancy with a brief intervention format. Very few studies have rigorously examined brief interventions for pregnant women who may be at risk for STI, particularly among women who may also be at risk for substance use during pregnancy, and no such studies have evaluated a single-session, brief intervention plus booster intervention. A limitation of HIV interventions with multiple sessions can be poor attendance, 17 which could be especially problematic for low-income pregnant women who have obstetrician appointments in addition to other multiple demands. Furthermore, a Cochrane review 38 of psychosocial interventions for reducing injection and sexual HIV risk behavior in drug users concluded that while multisession psychosocial interventions have been effective, there are minimal differences on outcomes between these interventions and brief standard educational interventions as a cost effective option. Screening and brief intervention approaches, especially delivered in a technology-based format, have great potential to reach pregnant women who otherwise would not be identified and would not receive an intervention of any kind.
The current study included a number of strengths. We had a high rate of completion at the 4-month follow-up assessment for participants in both conditions (98%). Our control condition was matched for time and included no overlapping content with HCEM, providing a reasonable test of the effect of HCEM. Furthermore, this control condition using the CIAS platform has been found acceptable and engaging in at least 4 behavioral studies that we know of, including our own previous trials 26, 33 (S. Hill et al., under review). A limitation of prior MI interventions is that longlasting effects are a challenge. In HCEM, we included a booster session to bolster and maintain the effects of the intervention. Our current sample endorsed marijuana use as their primary substance and, therefore, we could not examine the impact of HCEM on other drug use due to the small number of women reporting other drug use. We obtained biological samples from participants, including hair testing and trichomoniasis testing, for the purpose of sensitivity analysis.
The limitations of the current study included the use of self-report in the disclosure of risk behaviors, the inclusion of only English-speaking participants, an imbalance in the computerized randomization, the inability to generalize study results, particularly given the low enrollment rate as the study sample, may not be representative of the population of pregnant women, and including an unblinded research assistant who instructed participants who were randomized to HCEM condition on behavioral skills (e.g., condom use application). While the RA did not have a role as a study interventionist, the RA contact in facilitating the setup of the behavioral skills component (e.g., setup of the models for male and female condom application) may have contributed to the intervention effect. With regard to enrollment rate, we screened a large number of women for inclusion; however, the enrollment rate (13%) is comparable to other prevention trials, including studies for postpartum depression. 39, 40 Regarding feasibility of study procedures, we improved upon our collection rates of biological samples (e.g., women allowing hair sample) over the course of the study based on modifications that we made to our approach (e.g., completing additional training for RAs on the procedures for the collection of biological samples, improving upon our script to the participant, and increasing incentive). Refusal rates for both the trichomoniasis testing and hair sampling decreased over the course of the study. The refusal rate for the hair sampling of the first 25 participants at the 4-month follow-up was 36%; the refusal rate for the last 25 participants was 16%. The refusal rate for the trichomoniasis test at follow-up for the first 25 participants was 24%; the refusal rate for the last 25 participants was 16%. At the 4-month follow-up assessment, there were 12 missing biological samples (2 were phone assessments and 10 refused to provide hair samples).
HCEM is a brief intervention (one session plus a booster session) that is theory-driven and adapted from a previously tested and acceptable brief intervention for at-risk women. MI and the IMB model are well-established models and found to be effective for HIV/STI risk reduction, both generalizable to different populations, including low-income urban women. 41 The results from this pilot trial are very encouraging with respect to the acceptability and feasibility of HCEM, as well as the preliminary efficacy of HCEM in reducing alcohol and marijuana use and condomless sex during pregnancy. Future research to test HCEM with a larger and more diverse sample is warranted.
